Introduction
The relationship between hydrocarbon reactivity and mixing ratio variability in the troposphere has not been widely studied. Intuitively, one expects the most reactive hydrocarbons to exhibit the greatest spatial and temporal variability. An inverse relationship between concentration variability and residence time for relatively long-lived tropospheric trace gases was first described by Jung½ [1974 
Experiment
The hydrocarbon data presented here have been collected from three different research groups over the past several years. Five data sets are from the 1993 North Atlantic Regional Experiment field campaign and have fairly complete coverage of reactive hydrocarbons (C2-C6 alkanes, alkenes, and toluene) ensuring a broad range of lifetimes. The NARE 1993 experiment was conducted in August with hydrocarbon sampling locations and platforms based in the western Atlantic, the Azores, and aboard the ship Malcolm Baldridge (see Fehsenfeld et al. [1996] for a description of these locations).
One data set is from an urban area: Boulder, Colorado [Goldan et al., 1995] . A final data set is taken from the Polar Sunrise Experiment 1992 field campaign at Alert, N.W.T., during the "dark" period from January to March [Jobson et al., 1994] .
Analysis details for the NARE data sets will be described below, and we refer the reader to the original publications for experimental details of the other data sets.
York University
The York University group analyzed samples collected from Chebogue Point and the Twin Otter aircraft. Air samples were collected into electropolished stainless steel canisters (Biospherics Research Corp., Oregon) pressurized by means of a stainless steel bellows or Teflon diaphragm pump. Canisters were sent to the field evacuated. Sample collection entailed partially filling then venting the canister to condition it before the final sample collection.
Canisters were returned to York for analysis. C2-C 7 hydrocarbons were measured using gas chromatography and flame ionization detection. Separation was performed on a 50-m x 0.32-mm A1203/KC1 PLOT column. Sample sizes of 1.5-L were preconcentrated after passing sequentially through a trap filled with 5 g of K2CO 3 held at 80øC to remove CO2 and a 15-cm length of Teflon tubing cooled with dry ice to -50øC to further reduce the water content. Ambient samples and standards run through this system showed no losses for C2-C 7 alkanes and alkenes, acetylene, benzene, and toluene. Blanks, consisting of ultra pure, hydrocarbon free helium were periodically run between sample analyses. With the exception of benzene these were clean with respect to the lowest concentrations observed, indicating no carryover from the CO2 and H20 traps. Benzene contamination was systematic, equivalent to 6 parts per trillion by volume (pptv) for the sample size employed. This blank value, though usually low with respect to ambient levels, was subtracted from the data. Replicate analyses, whereby canisters were reanalyzed a week or two after the first analysis, were performed over the analysis period to validate system and operator performance. Replicate analyses were always within a few percent of each other. Calibration of individual hydrocarbon responses was done from a parts per billion (ppbv) range gravimetric mixture prepared by Conservation and Protection Services of Environment Canada. Quantification limits (1 {s uncertainty equal to 10%) were operationally defined from the observed relation between analysis precision and peak areas of ambient samples and prepared mixtures. Quantification limits vary slightly with hydrocarbon species. For C5 alkanes the quantification limit for a 1.5-L sample was calculated to be 3 pptv. The lowest observed mixing ratios were 5 pptv, slightly above the quantification limit. This 5 pptv peak yields a signal (peak height) about 10 times greater than the baseline noise width. The corresponding detection limit is 1 pptv. For mixing ratios well above the quantification limit the analysis precision is 1 to 2%.
UC Irvine
The University of California group analyzed samples collected aboard the ship Malcolm Baldridge and from ground sites at Sable Island, Nova Scotia and Santa Barbara in the Azores. Ambient whole air samples were collected in 2-L stainless steel canisters fabricated at University of California at Irvine (UCI). Sample canisters were evacuated to 10-2 torr and shipped to the site for sample collection. Although most canisters have shown reliability and stability in the containment of various halocarbons and hydrocarbons, some have also displayed growth of light olefins with time [Blake et al., 1994] . Ambient air rebaking of these canisters has helped to resolve the olefin growth problem.
Samples were analyzed using four Hewlet-Packard 5890 Series II gas chromatographs equipped with flame ionization detectors. A 1200 cm 3 (STP) sample was trapped on a glassbead-filled 1/4 inch stainless steel loop immersed in liquid nitrogen. A flow controller was used to restrict the sample flow to a maximum of 500 mL/min. The total volume sampled was measured by a pressure difference using a pressure transducer. The preconcentration loop was then isolated and warmed to 80øC. When the ovens were at the appropriate temperatures, the sample was injected. The hydrogen carrier flow was split four ways and directed to the following columns: 35% ( The working standard was a partially dried (3 parts per million by volume H20) whole air sample contained in an Aculife-treated Luxfer cylinder that was collected at Niwot Ridge, Colorado. Thirty nonmethane hydrocarbons ranging from C2-C10 present in this standard were requantified using response factors calculated from synthetic standards. The previous calibration values agreed to with 1-5% of the synthetic standards implying that the sample has maintained its integrity in the cylinder.
To monitor the consistency and reproducibility of the analytical system, the working standard was analyzed after every four samples. Although the mixing ratios of the various gases in the working standard had maintained their integrity in the cylinder over time, to further ensure there was no drift in the standard or the system, two other whole air standards were also randomly assayed throughout the project. Mixing ratios of all quantified gases in the standard exhibited no statistically significant changes (1 c•) over the period of the project. This source proximity problem may be the reason that the C 5 alkanes and other reactive species in general displayed low variability in the NARE data sets. For instance, Sable Island appears to have been influenced by petroleum emissions. This source has influenced the C5 alkanes and hexane by suppressing their variability via skewing mixing ratios for the lowest quantiles to higher values. Interestingly, while the C4 alkane mixing ratios also appear to have been influenced by this source, their variability fits the trend described by the longer-lived species. Reactive species at Chebogue Point and in the Twin Otter data also displayed low variability. It would appear that species with lifetimes short compared to atmospheric dispersion timescales display a variability that is more strongly influenced by "local sources" than longer-lived species which integrate sources over a much longer transport path. Just how strong these local sources must be to influence trends is not evident, but clearly species with low mixing ratios will be the most affected.
Note that the data sets with the weakest dependence on 'c (Boulder, Alert) were winter data that displayed the strongest correlation over the widest range of lifetimes. The wide range of hydrocarbon reactivities that fit the trend suggest the diminution of the local source effect observed in the summertime NARE sites. This makes sense because wintertime concentrations are much larger than in summer and thus would be less prone to be significantly influenced by small "local" emissions. In view of this apparent source proximity problem, the variability trend of Malcolm Baldridge data set is probably the best representation of the remote Atlantic pattern. There are, however, several possible analytical reasons for low variability that must be acknowledged. One important analytical issue is that of coelution. For instance, benzene variability in the York University data may be masked by a coeluting species with a much longer lifetime and hence lower variability. This would suppress the benzene variability and may explain why the York benzene data generally exhibit a lower variability than the C2-C 4 alkane trend. Ethylene artifacts arising from sample storage in canisters may also be confounding trends. These variability plots can be used to advantage for testing the validity of measurements if indeed a variability trend is expected for the species.
That none of the data fit the Junge relationship is noteworthy. The difference between the hydrocarbon trends and the Junge relationship is likely attributable to differences in source-sink distributions, an influence discussed by Hamrud [1983] , and to the general influence of atmospheric mixing which changes the relative abundance of hydrocarbons in a manner not predicted by chemical kinetics [McKeen et al., 1990] . A dependence weaker than the inverse relationship given by equation (4) suggests the influence of atmospheric mixing. This weak dependence on lifetime is similar to that observed for relationships between the logs of hydrocarbon ratios, where the slope defined by the data is smaller than the chemical kinetic slope [Parrish et al., 1992; McKeen and Liu, 1993] . The dependence on x may thus be a source of information as to relative importance of oxidation and dispersion in determining hydrocarbon concentrations. A variability pattern from a global hydrocarbon distribution would be a better comparison against the Junge relationship, which was principally determined from long-lived species that integrate over a more global source-sink distribution. However, hydrocarbon variability plots from a particular location should be a useful diagnostic for regional 3-D models. It would be desirable to apportion hydrocarbon variability between variability in loss processes and source variability in the sampled air parcels, but a lack of a thorough theoretical treatment of this problem inhibits further interpretation of the hydrocarbon data.
Establishing a variability pattern for hydrocarbons has two important practical applications. Firstly, it allows one to evaluate the overall hydrocarbon data set for consistency. One would expect, given the strongly correlated trends amongst C2-C 8 hydrocarbons at Boulder and Alert, that other "ideal" sites would display similar behavior. Deviations of particular hydrocarbons from the trend may point to analytical problems such as poor blanks or canister artifacts, or reveal an instrument to be incapable of quantifying the dynamic range of a particular species. Such problems are difficult to discern by simply looking at mixing ratios or correlations between species. The variability plot also provides a more quantitative description of a site's remoteness since "local" emissions suppress variability. A truly remote sight would be expected [1996] suggest that timeintegrated Br-atom concentrations are hundreds to thousands larger than that of Cl-atoms and thus would have a much greater impact on marine boundary layer ozone budgets. Br + alkane rate coefficients are extremely small, but Br will add to unsaturated species such as acetylene and ethylene sufficiently rapidly that the variability of these species may be a useful probe for this oxidant. Again, using the Malcolm Baldridge data and a "goodness-of-fit" approach, whereby the position of acetylene is evaluated with respect to the trend defined by the C2-C 4 alkanes and benzene, we found that a Br-atom concentration equivalent to that of HO would not alter the excellent correlation between these species. For a Br-atom concentration 3 times greater than HO, the acetylene lifetime becomes shorter than propane's and thus begins to appear as an Differences between hydrocarbon source-sink distributions and those of the longerlived species considered by Junge may also contribute to the weaker dependence on lifetime. Hydrocarbon data at Sable Island appear to have been influenced by petroleum emissions associated with an oil production platform located to the southwest and/or natural seeps. The i-butane/n-butane ratio at Sable Island was significantly larger than the 0.49 _+ 0.11 average value determined from the other data sets. Such "local source" effects appear to significantly suppress variability of reactive species and is likely why the Azores data did not display the expected variability trend. Anomalously low ethane mixing ratios for a midlatitude summer were observed for a short period at Sable Island and by the Malcolm Baldridge, and coincide with the passage of Hurricane Emily.
